Abstract. Recent trend of the automobile industry is improving fuel efficiency and decreasing exhaust gas through lightweight parts because of strict environmental regulations. Carbon fiber reinforced plastics (CFRP) have been studied to reduce the weight of automotive parts because they have higher specific strength and elasticity-to-weight ratio than conventional steel. In the CFRP manufacturing process, the compressive process using Sheet Molding Compound (SMC) has been applied to fender, roof and trunk lid, etc., which are exterior materials of automobile because of its excellent productivity. However, in order to apply CFRP to automotive seat frame, the manufacturing process should be selected considering the shape and material properties. In this study, we conducted about the increase of the material properties and the improvement of SMC process in order to fabricate the automotive seat frame by using CFRP.
Introduction
In the automobile industry, researches on the lightweight parts due to automobile exhaust gas and fuel efficiency regulation are continuously conducted.
Carbon fiber reinforced plastics (CFRP) have been studied to reduce the weight of automotive parts because they have higher specific strength and elasticity-to-weight ratio than conventional steel. However, since the price of carbon fiber is higher than that of conventional steel and the manufacturing time of the parts is relatively large, the manufacturing method and the mechanical properties should be studied in order to replace the existing parts [1, 2, 3] .
In the CFRP manufacturing process, the compressive process using Sheet Molding Compound (SMC) has been applied to fender, roof and trunk lid, etc., which are exterior materials of automobile because of its excellent productivity. The automotive seats absorbs impacts and vibrations while driving, providing safety and convenience for passengers, It consists of a seat cushion and a seat frame, which occupies 3 to 5% of the total weight of the vehicle [4] .
The automotive seat frames have a complex shape, and each frame is composed of numerous sub-components. Therefore, in order to apply CFRP to automotive parts, the manufacturing process should be selected considering the shape and material properties [5] .
In this study, we will conduct about the increase of the material properties and the improvement of SMC process in order to develop automotive seat frame with CFRP using short fibers. In order to improve the material properties of SMC, the test was conducted with the filling area and fiber length as variables. Also, in order to confirm the impregnation properties of resin and carbon fiber, we analyzed the surface of composite materials by using electron microscope, and a total content of the carbon fiber was measured by heat treatment.
Preparation of Test Specimens and Test Methods
CFRP consists of carbon fiber, which is a reinforcing material, and resin, which is used as a matrix to support the shape. Generally, epoxy resin is used as a matrix for carbon fiber. However, considering the productivity, Vinyl Ester resin which is faster to hardening than epoxy resin was used. Also, Prepreg was manufactured by using non-sizing 24 mm, 46 mm carbon fiber (24K tow) and Vinyl Ester resin. The materials used in the experiment were mixed at the ratio of carbon fiber 1: resin 2 and stored at 35 ° C for 72 hours. After that, specimen production and physical property test were conducted.
The flat plate molding conditions are shown in Table 1 . In order to compare the physical properties according to flow properties and filling area of SMC Prepreg, a total of 560g of SMC prepreg was injected into each area corresponding to (a) 150 mm✕150 mm and (b) 270 mm✕270 mm. Figure 1 is a flat plate molded sample made using SMC prepreg. The fabricated specimens were measured with an ultimate test machine at loading rate of 5 mm/min. Table 2 shows the mechanical properties of CFRP according to filling area. Also, Table 2 shows the results of tensile strength measurements of three cases; 150 mm✕150 mm SMC filled 24 mm CFRP, 270 mm✕270 mm SMC filled 24 mm CFRP and 270 mm✕270 mm SMC filled 46 mm CFRP. The average tensile strengths were 58.1 MPa, 60.3 MPa and 60.2 MPa, respectively. The fracture surface for the specimens of the tensile test was analyzed in order to confirm the difference in physical properties for flow and filling capacity. Delamination was observed at the fracture surface of the CFRP with SMC, due to the lack of interlaminar bond strength between SMCs laminated for molding. It is observed to be more prominent in composites with 46 mm length of carbon fiber because the resin impregnation property into the 46 mm carbon fiber bundle is low. The cross-section of the CFRP was analyzed by optical microscope to confirm the impregnation property of the resin, which is shown in the Figure 2 . The CFRP with 24 mm carbon fiber was observed the impregnated resin inside the fiber bundle regardless of the area of the SMC filling. However, in the composite material using 46mm carbon fiber, the impregnated resin was not observed inside the carbon fiber bundle. Therefore, the tensile strength was not improved even though the carbon fiber length was increased due to low impregnation. As a result, the filling amount did not contributed to the physical properties in the case of 24 mm CFRP. It is considered that this is because the flowability of the prepreg made of carbon fiber and vinyl ester is high when the high-temperature press molding is performed, so that even if the filling area is narrowed, satisfactory molding conditions are exhibited. Samples using 46 mm carbon fiber are the same as those of 24 mm carbon fiber due to low resin impregnation into the fiber as the fiber length increases.
Results and Discussion
The results of tensile strength test did not satisfy the test results of the literature sufficiently. This is probably because the carbon fiber was not sufficiently impregnated with the resin. The matrix was removed by heat treatment to analyze the carbon fiber content of the CFRP. To determine the heat treatment temperature, the CFRP was analyzed by Differential scanning calorimeter (DSC), and the results are shown in Figure 3 . As a result of DSC analysis, an exothermic peak was observed at 350 ℃ , which is considered to be caused by the removal of the matrix resin. Therefore, the heat treatment temperature was set to 450 ℃ and the heat treatment time was set to 1 hour so that the resin could be completely removed. Calculation of carbon fiber content after heat treatment was calculated using ratio of the flat plate before and after heat treatment. Table 3 is shown total contents of carbon fiber measured by heat treatment. The ratio of carbon fiber and the resin in the manufacture of SMC prepreg is 1: 2, and the content of carbon fiber is about 33%. However, the content of the measurement results was found to be 55% on average. It is thought that a large amount of resin escaped during the molding process to change the content. It is judged that the tensile strength is low because the resin is not impregnated and discharged to the outside of the mold. 
Conclusion
In this study, we conducted about the improvement of the physical properties and the improvement of SMC process in order to fabricate the automotive seat frame with SMC process using CFRP. As a result of the material property test using filling area and fiber length, the average tensile strengths was not improved even though the carbon fiber length was increased due to low impregnation.
As a result, the filling amount did not contributed to the physical properties in the case of 24 mm CFRP through the fracture surface analyst using the microscope.
As a result, total contents of carbon fiber measured by heat treatment were found to be 55% on average. It is judged that the tensile strength is low because the resin is not impregnated and discharged to the outside of the mold.
Future directions for our next study include the investigation of the mixing method in order to increase the impregnation.
